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 9 
ABSTRACT 10 
 11 
Raman spectroscopy has been used to characterise the antimonate mineral 12 
bahianite Al5Sb35+O14(OH)2 , a semi-precious gem stone. The mineral is 13 
characterised by an intense Raman band at 818 cm-1 assigned to Sb3O1413- 14 
stretching vibrations.  Other lower intensity bands at 843 and 856 cm-1 are 15 
also assigned to this vibration and this concept suggests the non-equivalence 16 
of SbO units in the structure.    Low intensity Raman bands at 669 and 682 17 
cm-1 are probably assignable to the OSbO antisymmetric stretching 18 
vibrations. Raman bands at 1756, 1808 and 1929 cm-1 may be assigned to δ 19 
SbOH deformation modes, whilst Raman bands at 3462 and 3495 cm-1 are 20 
assigned to AlOH stretching vibrations.  Complexity in the low wavenumber 21 
region is attributed to the composition of the mineral.  22 
 23 
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 26 
INTRODUCTION 27 
 28 
The antimonate bearing mineral bahianite Al5Sb35+O14(OH)2 1-4 is monoclinic-pseudo-29 
orthorhombic 5.  The mineral is named after the Bahia province of Brazil where it was first 30 
discovered 2.  The mineral is a semi-precious gemstone.  Bahianite is a hexagonal close-31 
packed oxide structure whose anion layers are parallel to (001) 2.   According to Moore and 32 
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Araki the mineral shows a new kind of octahedral ordering: linear [Sb3O14]13- edge-sharing 33 
trimers at z = 0 which corner link to [Al5O15(OH)]16- edge-sharing sheets at z = ½ 2.  The 34 
structure is related to simpsonite 6-8.  The chemical composition of bahianite mineral samples 35 
is quite variable and commonly contains amounts of other metals including W, Ti, Fe, Be, 36 
and Si, implying the existence of local concentrations of pre-existing weathered and 37 
subsequently agglomerated ores and siliceous matter.  Moore et al. speculated that it is a 38 
metamorphic product, formed at moderate temperatures, of pre-existing weathered and 39 
oxidized antimony ores that are recrystallised in a locally peraluminous environment 3. 40 
 41 
Farmer reported the infrared spectra of some synthetic antimonite minerals (see page 42 
413 and 414 with Tables 17. XVIII and XIX) 9.  For the synthetic compound NaSb(OH)6 43 
which is a compound with an octahedral structure, infrared bands were observed at 600 and 44 
628 cm-1 (very intense), 735, 775 cm-1 (medium intensity), and 528 and 586 cm-1.   Siebert 45 
researched the infrared spectra of selected synthetic antimonates 10,11. Siebert assigned bands 46 
in the 528 to 775 cm-1 region to the stretching vibrations of SbO units; in the 1030 to 1120 47 
cm-1 to the deformation modes of SbOH units and in the 3220 to 3400 cm-1 to the stretching 48 
bands of SbOH and water units.  It is interesting to note that very few papers have been 49 
published on the spectroscopy of antimonate minerals. What research has been published is 50 
related to the analysis of pigments 12-14.  Some spectroscopic studies of calcium and lead 51 
antimonates have been forthcoming 15-17.  Very few studies of related minerals such as 52 
mineral antimonates have not been undertaken 18-20.  It has been found that the hydroxyl unit 53 
was coordinated directly to the metal ion and formed hydrogen bonds to the antimonate anion 54 
21.   55 
 56 
Raman spectroscopy has proven especially  useful for the study of related minerals 22-57 
30.  As part of a comprehensive study of the molecular structure of secondary minerals 58 
containing oxy-anions, formed in the oxide zone, using IR and Raman spectroscopy, we 59 
report the Raman properties of the antimonate mineral bahianite.  The spectra are related to 60 
the mineral structure. 61 
 62 
 63 
 64 
 65 
 66 
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 67 
 68 
EXPERIMENTAL 69 
 70 
Minerals 71 
 72 
The mineral bahianite was loaned by The South Australian Museum.  The mineral originated 73 
from the Paramirim region, Bahia Province, Brazil.  The composition of this mineral has been 74 
published 5.  The mineral contains 1.2% WO3, 1.03 % SiO2, 1.04 % Fe2O3 and 0.75% BeO.  75 
The mineral has the formula Al5Sb35+O14(OH)2.   76 
 77 
Raman spectroscopy 78 
 79 
The crystals of bahianite were placed and oriented on the stage of an Olympus BHSM 80 
microscope, equipped with 10x and 50x objectives and part of a Renishaw 1000 Raman 81 
microscope system, which also includes a monochromator, a filter system and a Charge 82 
Coupled Device (CCD). Further details have been published  22-30.  Raman spectra of 83 
bahianite were also obtained from the RRUFF web site.  The spectra were of mineral samples 84 
from Minas Gerais and Paramirim region, Brazil [http://www.rruff.info/index.php].   85 
 86 
RESULTS AND DISCUSSION 87 
 88 
 The Raman spectra of bahianite (sample A) in the 450 to 1050 cm-1 region, 150 to 450 89 
cm-1 region and 1050 to 3550 cm-1 region are given in Figs. 1, 2 and 3.  The spectra from the 90 
RRUFF data base are provided from Minas Gerais (sample B) and Paramirim (sample C) 91 
samples in Figs. 4 to 7.  A very intense band is observed in the spectra of A at 818 cm-1, of B 92 
at 819 cm-1 and C at 812 cm-1.   Low intensity bands are observed for sample A at 843 and 93 
856 cm-1.   Similar shoulders are observed in the Raman spectrum for sample B (Fig. 4) but 94 
not sample C (Fig. 5).  The intense band is assigned to SbO symmetric stretching vibrations. 95 
According to Moore and Araki 2, bahianite, in the absence of tetrahedral occupancies, is 96 
ideally Al5Sb35+O14(O,OH)2.  The mineral is a hexagonal close-packed oxide structure whose 97 
anion layers are parallel to {001} and the structure displays a new kind of octahedral 98 
ordering: linear [Sb3O14]13- edge-sharing trimers at z = 0 which corner link to [Al5O15(OH)]16- 99 
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edge-sharing sheets at z = 1/2. 2 The observation of multiple Raman bands as shoulders to the 100 
818 cm-1 band suggests that the SbO units may not be all equivalent. The low intensity bands 101 
at 669 and 682 cm-1 are probably assignable to the OSbO antisymmetric stretching vibrations.  102 
 103 
According to Siebert 10,11 all bands in the  600 to 900 cm-1 range are assignable to 104 
SbO stretching vibrations. The observation of multiple bands in the Raman spectrum of 105 
bahianite provides evidence for the non-equivalence of SbO units in the bahianite structure.  106 
X-ray crystallography would suggest that the SbO units are identical.  2-4 Such a conclusion 107 
of the non-equivalence of SbO units was also made from the Raman spectrum of 108 
brandholzite. In the infrared spectrum of antimony pentoxide an intense band is observed at 109 
740 cm-1 and low intensity bands at ~370, 450 and 680 cm-1 31.  The infrared spectrum of 110 
valentinite (Sb2O3)4 showed bands in similar positions 31.  Farmer reported the band positions 111 
of synthetic antimonates of formula MSbO4 where M is Cr, Fe, Ga or Rh with a rutile type 112 
structure 9.  As such these structures should have four Raman active bands (A1g + B1g + B2g + 113 
Eg) and four infrared active bands (A2u + 3Eu).  Infrared bands were observed in the 660 to 114 
735 cm-1, 520 to 585 cm-1, 285 to 375 cm-1 and 170 to 190 cm-1.   Although no assignment 115 
was given to these bands, one possible interpretation is that the first set of bands is 116 
attributable to the symmetric stretching mode, the second set to the antisymmetric stretching 117 
mode, the third to bending modes and the fourth to lattice modes.  Hence the bands of 118 
brandholzite at around 618 cm-1 are attributable the symmetric stretching modes.  The 119 
observation of several bands in this region suggests that the Sb(OH)62- are not equivalent.  In 120 
the infrared spectrum of the compound NaSb(OH)6 which has an octahedral structure, a very 121 
intense band is observed at 628 cm-1 with bands of lower intensity at 775 and 528 cm-1 9.  122 
Thus the Raman band at 618 cm-1 is assigned to the SbO symmetric stretching mode. The 123 
higher wavenumber shoulder bands are also attributed to this vibrational mode, providing 124 
evidence for the non-equivalence of some of the SbO units.  Low intensity bands are 125 
observed at positions higher than 618 cm-1. These occur at 669, 682, and 770 cm-1 (A), 683 126 
and 772 cm-1 (B) and 682 and 768 cm-1 (C).  These bands are assigned to the SbO 127 
antisymmetric stretching mode.   128 
 129 
A number of low intensity Raman bands for sample A are also observed at 952, 956, 130 
975 and 998 cm-1.  These low intensity bands are also observed for B at 957 and 999 cm-1 and 131 
for C at 956 and 995 cm-1.  In the structure of bahianite, some of the hydroxyl units are 132 
bonded to the aluminium. 2,3  According to Moore and Araki 2, [Al5O15(OH)]16- edge-sharing 133 
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sheets are essential to the structure of bahianite. Thus the bands in the positions between 950 134 
and 1000 cm-1 are assigned to AlOH deformation modes.  The observation of multiple bands 135 
confirms the non-equivalence of the AlOH subunits. Such bands are often observed in these 136 
positions for clay minerals such as kaolinite.   137 
 138 
The low wavenumber region of A is incredibly complex, with a large number of 139 
bands.  Intense Raman bands are observed at 258, 412, 478 and 534 cm-1. A significant 140 
number of bands are also observed for sample B (Fig.  6).  Raman bands are observed at 165, 141 
200, 218, 220, 259, 294, 321, 378, 388, 406 and 413 cm-1.  Similar set of bands is found for 142 
sample C (Fig.   7).  One likely assignment of some of these bands is to OSbO bending 143 
modes. Such an assessment fits well with the assignment of bands for MSbO4 structures as 144 
reported by Farmer 9.  Bands in the 275 and 375 cm-1 region were attributed to OSbO bending 145 
modes 9. The observation of multiple bands suggests the non-equivalence of OSbO units in 146 
the bahianite structure.  Other lower intensity bands are observed at 165, 199, 220, 294, 319, 147 
352, 376 and 386 cm-1.   Low wavenumber bands in similar positions have been observed for 148 
MSbO4 9.   149 
 150 
 151 
A large number of bands are also observed for sample A in the 1200 to 3400 cm-1 152 
region. Intense Raman bands are observed at 1756 and 1929 cm-1. One possible assignment 153 
of these bands is to δ SbOH deformation modes.   Other bands are observed at 2079, 2389, 154 
2718, 3190 and 3495 cm-1.  In the Raman spectra of B and C, the spectra do not include this 155 
spectral region, even though many bands are observed in this spectral region for sample A.  156 
The bands at 3462 and 3495 cm-1 are assigned to AlOH stretching bands and the band at 3190 157 
cm-1 to SbOH stretching vibrations.  Siebert reported four infrared bands at 1030, 1075, 1105 158 
and 1120 cm-1 for the synthetic compound NaSb(OH)6. The position and number of these 159 
infrared bands for this compound is not in good agreement with the position of the Raman 160 
bands of bahianite   161 
 162 
CONCLUSIONS 163 
 164 
 The semi-precious mineral bahianite has been analysed by Raman spectroscopy and 165 
the Raman bands assigned to stretching and bending vibrations of the [Sb3O14]13- and 166 
[Al5O15(OH)]16-  units.  The mineral is characterised by an intense Raman band at  167 
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818 cm-1, assigned to the SbO stretching vibrations. Low intensity bands are observed at 843 168 
and 856 cm-1are also assigned to SbO symmetric stretching vibrations. The observation of 169 
multiple bands provides evidence that not all of the Sb3O14]13- units are equivalent.  The 170 
Raman spectra in the low wavenumber region are complex for all three samples. This 171 
probably depends on the variation in the composition of the mineral.  172 
 173 
 174 
 175 
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